Polymer materials filled with metal powders are widely used in a variety of industries because of their specific and often unique properties. The choice of metal filler is governed by the functional purpose of the composite material and by economic or aesthetic considerations. The reason for the extensive use of metal powders as fillers for polymers is most commonly the potential they provide to adjust the density of the materials, their appearance and their magnetic and other physical properties [1] [2] [3] .
In a polymer, metal powders play the part not only of fillers, but also of crosslinking agents, curing additives, etc. The smaller the metal particles, the larger the specific surface of the powder and the greater its physical and chemical activity. Metals with a colloidal degree of dispersion are especially active. When macromolecules interact with colloidal metals produced in a polymer solution, highly homogeneous two-phase aggregatively stable metal-matrix polymer materials are formed, which are known as metal/polymer colloidal composites. Metal/polymer colloidal composites may find viable use as anti-friction, semiconductor, anti-corrosion, ferromagnetic, catalytically-active and other materials [1] .
Various matrix polymers are used as a basis for the production of metal/polymer composites [4] [5] [6] [7] , the majority of which are sundry thermoplastics [1, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] and thermosetting plastics [16, [22] [23] . Elastomers are far less commonly used.
One promising method of adjusting the properties of composite materials is to create in them ultra-disperse metals (cluster particles) and their compounds. The transition to a cluster state is known to enable meta-stable structures to be created in the material with a large reserve of internal energy, the mutual linkage between structural fragments to be significantly enhanced, and the physical/chemical and physical/mechanical properties of the materials to be considerably altered. Meanwhile the impact of clusters on the structure and properties of elastomers has received virtually no study [24] , although modification of the elastomer matrix through synthesis of ultra-disperse particles in it gives rise to a significant alteration to the properties both of the elastomer itself and of cured rubbers based on it [25] .
INtERaCtIoN MEChaNISM bEtwEEN ElaStoMERS aNd ultRa-dISPERSE MEtal PaRtIClES
The nature of the interaction between macromolecules and the surface of metal particles is governed by adhesion of polymer to metal, which depends on a number of factors: the physical and chemical properties of polymer and metal, the presence of fillers, stabilisers, etc. in the polymer, the process used to achieve metal/ polymer contact, etc. When polymer and metal come into contact, the properties of the boundary layers of both materials are altered [26] . Metals may accelerate and retard crystallisation of polymers, alter the rate of thermal and oxidative destruction of macromolecules and loosen or compact their packing. The impact of a metal on the structure of polymers may extend to tens and even hundreds of microns. Molten polymers may break up the surface layers of metals and accelerate or retard oxidation of the metal. The appearance of metals and their compounds in the body of polymers causes a transition from heterogeneous contact processes initiated by metals to homogeneous processes [1] .
In works [27] [28] [29] it is shown that rubbers which do not possess functional or other active groups do not enter into direct interaction with the surface of metal particles. The formation of a metal organosol for such systems is only observed in the presence of fatty acids.
According to work [16] , covalent bonds may occur between particles of metals of variable valence and unsaturated rubbers following the pattern:
This is borne out by the formation of a metal/rubber gel in systems based on natural rubber filled with colloid particles of iron, nickel and cobalt [27] [28] [29] .
In systems based on carboxylate or another polar rubber, a direct chemisorption interaction is seen between elastomer macromolecules and ultra-disperse metal particles [27, 30] . Study of swelling and desorption of such rubbers demonstrated the irreversibility of this process. Study of metal/polymer materials obtained on the basis of polyurethane rubbers and highly-disperse iron particles [16, 31] demonstrated the formation of coordination compounds at the "nitrogen-containing polymer -metal" interface.
Physical and chemical properties and use of metal/polymer materials
Chemisorptive interaction between a highly-disperse metal and a polymer affects the surface layers of the polymer to a certain depth, causing a perceptible change to its properties in the composite material. Filling of rubbers with highly-disperse metals is generally linked to the creation of heating elements and electrically conductive and semiconductor materials [32] .
ElECtRICal PRoPERtIES
The conductance of metal/polymer composites is governed by the nature and concentration of the metal, the methods by which it is introduced, and also the nature of the interaction between metal and polymer.
By introducing various metal particles into cured rubbers it is possible to lower the value of the resistivity of the composite material by several orders of magnitude.
The use of metals for these purposes gives rise to certain problems that are associated with the need to ensure their fine dispersion. Moreover, in a number of instances the use of such fillers as copper or iron is undesirable as they are catalysts of an ageing process in cured rubbers and some plastics. Metal-filled elastomers may be used to produce composite materials with resistivity values between 10 -1 and 10 -2 ohm•cm [33, 34] . The most stable of these are polymer materials filled with colloidal silver [35] .
It is demonstrated in works [28, 29] that for composite materials based on natural rubber and polyisobutylene and highly-disperse iron, cobalt and nickel produced electrolytically, the resistivity increases only slightly as long as the metal concentration does not exceed 20-40% (Figure 1 ).
At higher metal concentrations, the particles, forming chain structures, make contact with one another, and the conductance of specimens rises very fast. With a rise in the metal concentration to 80%, systems acquire a conductance that approaches that of the metal, and its magnitude falls as the temperature rises [28, 29] .
The conductance of a metal/polymer composite is governed not only by metal chain structures, but also by a tunnel effect. In work [36] it is demonstrated that at energies corresponding to a certain voltage, current carriers may overcome the potential barrier of the polymer shell, whereupon the number of current carriers in the system rises exponentially.
A number of works have demonstrated that the method of specimen production has a major impact on the conductance of polymer systems containing metal. Thus an increase in the temperature and pressure at which the specimens are made leads to a significant rise in volumetric conductance. This impact is particularly manifested in the area of plastic strains in systems.
When a magnetic field is applied to specimens of metal/polymer composites that are being created, leading to an ordered orientation of the metal particles in the polymer, anisodiametry of specimen conductance is observed [36] . In works [33, 34] it is said that vibration milling of iron in a medium of isoprene being polymerised on fresh facets of metal particles gives rise to a semiconductor material with electronic conductance; if the vibration milling is performed in a medium of finished polyisoprene, a material with hole conductance is created. Clearly the factor responsible for the type of conductance must be taken to be the nature of the interaction of the polymer macromolecules with the iron particles.
In works [33, 34] it is shown that for elastomers based on saturated polymers, the nature of the dependence of electrical conductance on temperature is that typical of semiconductors.
Elastomer composite materials have been created which give electrical conductance with exposure to mechanical strain or an electrostatic charge, and which are dielectrics in a state of rest. They are intended for the development of instruments to monitor loads arising in a material as a result of thermal expansion or transmission of an electric current [37, 38] .
Work [39] presents elastomer materials filled with metal particles which possess a variable electrical resistance to provide variations in electrical resistance with motion and pressure fluctuations. The electrically-conducting elastomer composite can withstand high-density currents.
Because of the widespread use of photostat technology using an electrostatic effect and thermal printing, the demand for electrically-conducting and heat-resistant heat-conducting cured rubbers for print rollers has increased. In the monograph that is work [40] it is shown that composites based on a fluorine-containing elastomer filled with highly-disperse powders of cobalt, tungsten, nickel and an iron-cobalt alloy may be used to create such materials. The point is made that a mixture of a fluorine-containing elastomer with a Mooney viscosity of 90 units or more containing a peroxide curing system and a metallic filler enables cured rubbers to be obtained by a hot calendering method which will withstand the production of 100,000 or more copies ( Table 1) .
MEChaNICal PRoPERtIES
In works [36, 41] it is said that the introduction of highly-disperse rubber-lyophilised powders of aluminium, manganese and iron has a curing and strengthening effect on chloroprene and butadiene-nitrile rubber composites. Improving the mechanical properties of cured rubbers in the presence of highly-disperse metals is clearly linked to the occurrence of strong rubber-metal bonds formed at the moment of opening of double bonds.
Work [41] shows that the optimum amount of ultradisperse metal particles included in filled rubber mixtures based on chloroprene ( Table 2 ) and butadiene-nitrile ( Table 3 ) rubbers is 5 parts by wt.
Analysis of the data given in [42] enables us to say that the addition of up to 5% ultra-disperse nickel and copper particles to ethylene-propylene rubber has no major impact in changing the strain and strength properties of non-filled vulcanisates based on it.
Swelling
With the introduction of filler, additional space network nodes may be created, but its density may also fall. The additional bond-nodes arising with swelling usually break, which leads to a significant increase in the apparent degree of swelling of the polymer.
When highly-disperse iron is introduced into nonpolar rubbers (natural rubber, polyisobutylene) there is a significant fall in the extent of their swelling, while specimens containing 80% metal hardly swell at all. The same picture is seen for these polymers with electrolytic introduction of nickel and cobalt into them [36] .
It should be observed that with the introduction of identical quantities of these metals into the rubber, the Work [41] shows that when ultra-disperse metal powders are introduced into filled vulcanisates based on chloroprene and butadiene-nitrile rubber, the extent of swelling in aggressive environments remains virtually unchanged.
NB. * -iron-cobalt alloy
At the same time a position of the equilibrium with swelling of metal/polymer composites is achieved more quickly than for the corresponding pure polymers, the reason for this being the loose packing of the surface layers of the polymer in the first instance [26] .
The introduction of highly-disperse metal powders into the composition of composite materials based on fluorine-containing elastomers enables the oil-repellent properties of cured rubbers to be improved [40] .
Thermal and thermo-oxidative destruction
The heat resistance of rubbers may be improved by eliminating weak points in their structure, and by binding free radicals formed as a result of thermal degradation.
Through study of the impact of disperse metals (Cu, Mn, Fe, Co, Ni, Zn, Pb, Al) on thermo-oxidative destruction of natural rubber it was found that Cu, Mn and Co are effective catalysts of thermal oxidation, while Ni, Zn and Pb have no influence on this process. The most active destruction catalyst is copper, in the presence of which the apparent activation energy of the process falls from 112.8 to 69.8 kJ/mol. It is assumed that copper and its oxides take part in oxidation-reduction reactions of thermal oxidation of natural rubber.
The few studies that have been carried out show a high level of sensitivity of polybutadiene, natural rubber and polyisoprene to the physical and chemical properties of disperse fillers which catalyse the thermo-oxidative destruction of elastomers [43] .
The studies written up in [32, 42, [44] [45] [46] tell of the opposite effect, however. Use of metals with variable valence, including rare-earth metals, is an effective way of increasing the heat resistance of rubbers. They are introduced either in the form of oxides, or as compounds that break down easily, giving rise to free metal, or in the form of organic, organosiloxane or phosphosiloxane compounds. Thus the introduction of iron compounds, which on heating give rise to highly-disperse free iron, leads to interaction between the latter and SiR 2 O radicals and to an increase by tens of times in the functional qualities of siloxane rubbers at 250-450°C [44] .
Works [42, 45] show that in the presence of nickel, lead and bismuth, the apparent activation energy of the process of thermal destruction of ethylene-propylene rubber increases (Table 4) .
When colloidal metals (iron, nickel and cobalt) are used as fillers, obtained by an electrolysis method, the heat resistance of natural rubber increases [32] . At temperatures exceeding the critical temperature for thermo-oxidative destruction, both filled and non-filled rubbers behave identically.
Works [42, [45] [46] demonstrate the stabilising effect of highly-disperse particles of copper, nickel, lead and bismuth with thermal destruction of polyolefin-based elastomer materials and the potential for developing cured rubbers for high-temperature operation based on ethylene-propylene rubber modified by ultra-disperse particles of variable-valence metals.
Work [42] contains the statement that metal particles are most effective for the development of rubbers operating under conditions of exposure to high temperatures with restricted access for atmospheric oxygen (RAAO). Vulcanisates based on modified EPDM are 1.8-2.4 times better than the baseline composition with ageing under RAAO conditions in terms of the strength-related ageing coefficient, and 1.3-1.7 times better in terms of the ageing coefficient related to breaking elongation.
On the other hand work [41] shows that use of highly-disperse metal powders in composites based on chloroprene and butadiene-nitrile rubbers has no major impact on thermal ageing.
Radio-absorption properties
Radio-absorption materials are widely used to screen rooms, make echoless chambers and produce electromagnetic wave absorbers in microwave technology, to eliminate undesirable re-reflections of electromagnetic waves from aerials and technical equipment at airports and on board ships, etc.
Most radio-absorption elastomer materials contain divinyl rubber and fillers in the shape of carbon and metal fibres, soot, graphite, ferrite and carbonyl iron powders and other substances to give the material the required dielectric and magnetic properties [47] .
Metal-filled, specifically lead-filled elastic polymers are used to produce liners, screens and clothing that are sound-insulating and at the same time protect against ionising radiation. Elastic metal/polymer composites are also used to make sound-insulating liners with high heat conductance and resistance to compressive loads and a low coefficient of friction [3] .
Gas-filled materials
The monograph that is work [48] demonstrates the use of metal powders, in particular aluminium powder, to produce gas-filled materials based on polyurethane oligomers. The reason for the high level of effectiveness of metal particles is that they play the role of interfaces, and are thus pore formation centres.
So the use of highly-disperse metal particles as modifiers and fillers for elastomer matrices enables a new group of construction materials to be produced with the optimum combination of strength, electrical and thermal conductance and other properties of metals with the high level of chemical resistance, shock-absorption capacity and functional qualities of elastomers.
